Introduction
Generally, the equation of power flow is given by P=(V s .V r /X) sinδ, where V s for sending end voltage, V r receiving end voltage, X for series reactance, δ is the angle difference. If we changed series reactance X, then it is possible to increase or decrease the active power flow on the line. In practice fixed capacitive compensation is used to decrease net series inductive reactance X, and thus increase power flow on the transmission line. The fixed capacitive compensation has a problem of subsyncronous resonance. This problem can be solved if TCSC is used. TCSC is among one such different number of methods for applying a dynamically-controllable compensating reactance.
As here focus is on case study of transmission line constraint, the existing scenario is given below. In figure1,132 kv DI khan grid is feeding from three incoming circuits, circuit 1& 2 from KAPCO power house while circuit 3 from Chasma power house. Maximum load is recorded on circuit 3 while the rest of two circuits have less load due to which circuit 3 tripped off in over loading. The DI khan grid is further connected to other grids that are not shown in figure1. Due to this less load on circuit 1 and Circuit 2, extra force load shedding is carried out in connected grids of DI khan. The loading position of the circuits is given below in table 1. So if the load on circuit 1 and circuit 2 is increased as these circuits have capability to take load, the extra forced load shedding can be minimized up to some extent. In short, this paper focuses the application of TCSC for the enhancement of power flow on circuit 1 and circuit 2. The operation of TCSC device and reactance characteristics curve are described in section II. Where section III discusses about analysis of 132 kv DI khan circuits for different firing angles. 
Thyristor Controlled Series Capacitor (TCSC)
The TCSC consist of a capacitor with a fixed value of capacitance connected in series with the transmission line. Thyristor controlled reactance (TCR), which consist of an inductor and a pair of back-to back thyristors, is connected in parallel to this capacitor as shown in figure 2.
The antiparallel thyristors in series with an inductor with the inductance L function as a variable inductance. Phasecontrol is used to change the delay angle α. The variable inductive reactance is given as
From the above equation it is clear that it depends up on α and as α changed, it change the value of reactance X L (α). The TCSC behaves as a tunable parallel LC-circuit to the line current as shown below in figure 3 . The only dissimilarity is that the voltage and current in LCcombination are pure sinusoidal where as in the TCSC it is not.
Any of the below two formulas can be used to calculate the effective reactance of the TCSC
The effective reactance of TCSC operates in three regions which are shown below in figure 4. Bypass mode is used for control purpose. This mode is and also used for initiating certain protective functions. The conduction angle of thyristor is 180°.
The other name of block thyristor mode is the waiting mode. In this mode thyristor valves are not fired as the firing pulses are blocked. In other words thyristors are off during the each period.
TCSC acts both as a continuously controllable capacitive reactance and as a continuously controllable inductive reactance in partially conducting thyristor or Vernier mode. This mode is achieved by changing the thyristor-pair delay (firing) angle in a proper range. As there is resonant region between the two modes therefor the smooth transition is not permitted from one mode to the other mode, i.e. from capacitive to inductive or vice versa. The TCSC shows large impedance at the resonance point due to which a significant voltage drops. Therefore, the TCSC is operated in such a manner to avoid the resonant region by installing limit on the firing angle. The different modes of operation of TCSC and their current direction are shown below in fig 5. Inductive reactance X L should be sufficiently smaller than X C for selection of Inductor value.
Choosing of Capacitor and Inductor Values
The capacitive and inductive operating regions depends on the factor 'ω', where ω=√Xc/X L . To get one resonance point, then it is required to keep ω less than 3 i.e. ω=√Xc/X L <3. If ω greater than 3 than there are multi resonance point which decreased the operating range of TCSC. There is only capacitive region for ω < 1. Thus ω≤ 1 is not permissible for getting both the effects of inductive and capacitive region in TCSC.
Matlab Simulink analysis of DI khan Circuit
As stated, a case study in the introduction part of this paper. To achieve the desired results that are to increase the power flow on circuit 1(Tonsa -DI khan) and circuit 2 (Prova -DI Khan), the TCSC along with control circuitry is designed in The firing unit block consist of synchronous phase lock loop (PLL) and square wave generator. The PLL is used for synchronization purpose. The PLL is in each phase of the circuit. From the firing unit the thyristor gate terminals are fired with the desired input alpha (firing angle).
When there is no TCSC on circuit-1 and circuit-2 the power flow transfer is about 48mw and 30mw respectively as shown in table 1. During the first 1 sec of simulation the TCSC is by passed and the load on the circuit 1 and 2 are 48 and 30 Mw respectively as shown in different simulation figures. According to figure 7, when the TCSC is fired at angle of 85°(initial alpha input 90° then it reduced to 85°) then power flow on the circuit increases. The power flow on circuit 1 increased from 48Mw to 72.8 Mw Similarly the simulation results of capacitive mode operation of the circuit 2 are given below in figure 10 . Before 1sec the load on the circuit 2 is 30Mw, which is then enhanced to 60.75Mw when the thyristor fired at an angle of 75° The TCSC when used in inductive mode, the power flow on the circuit is decreased according to the alpha. In case of circuit 1 active power flow decreased to 30 Mw from 48Mw at alpha 30° as shown in figure 11(a) and 11(b). The overall effect of power flow on both the circuits i.e. with respect to firing angle of TCSC is shown in table 4 
Conclusion and Future Work
132 kv transmission line circuits of DI kan grid is analyzed in Mat lab/Simulink for power flow enhancement. The power flow of the circuit 1 and circuit 2 is enhanced and is showed in various graphs. From the table it is clear that with the use of TCSC the power flow increased from 78Mw to about 140Mw. Thus this increase in active power on the circuits is helpful in fulfilling the demand of the connected grids of the DI khan. So if the existing circuits have the capability to take load, so the use of TCSC is a one of the good solution rather than to build new transmission line. The results can be checked on other Facts devices for better improvement of power flow.
